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(54) [Title of the Invention] 

EXPOSURE APPARATUS, EXPOSURE METHOD, AND DEVICE 

MANUFACTURING METHOD 
(57) [Abstract] 
[Problem] 

To realize a high-precision transfer of a fine pattern. 

[Means for Resolution] 

By an illuminating optical system IL including a light source 
1 and a polarization control element 5, a reticle 18 having a pattern 
formed to include a major line pattern extending in an X direction 
is irradiated with a slit-shaped illumination light I 4 which has a 
main component of a linear polarization in a polarization direction 
parallel to the X direction and which has a longitudinal direction 
in the X direction. The reticle 18 held on a reticle stage 19 and 
a wafer 25 held on a wafer stage 26 are moved along a Y direction by 
the stages 19 and 26 so that a projected image by a projecting optical 
system 24of the pattern of the reticle 18 is sequentially transferred 
to the wafer 25. 

[Selected Drawing] Fig. 1 
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[Claims] 
[Claim 1] 

A scanning type exposure apparatus for transferring the image 
of a pattern formed on a mask onto a substrate, characterized: by 
comprising 

a stage device for moving saidmask and said substrate relatively 
along a first direction, 

an illuminating optical system for illuminating said mask, and 

a projecting optical system for projecting the pattern of said 
mask on said substrate; and 

in that said illuminating optical system illuminates said mask 
such that the polarization state of the illumination light to 
irradiate said substrate through said projecting optical system may 
make a main component of the linear polarization in the polarization 
direction parallel to a second direction perpendicular to said first 
direction. 
[Claim 2] 

An exposure apparatus as set forth in claim 1, characterized 
in that the illumination light to irradiate said substrate has a degree 
of polarization of 80 % or more. 
[Claim 3] 

An exposure apparatus as set forth in claim 1 or 2, characterized 
in that said illuminating optical system includes a shaping device 
for shaping the sectional shape of the illumination light to irradiate 
said substrate, into a slit shape having a longitudinal direction in 
said second direction. 
[Claim 4] 

An exposure apparatus as set forth in any of claims 1 to 3, 
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characterized in that said stage device holds said mask such that the 

longitudinal direction and said second direction of line patterns of 
the patterns formed on said mask are substantially parallel. 
[Claim 5] 

An exposure apparatus as set forth in any of claims 1 to 4, 
characterized in that said illuminating optical system includes an 
adjusting device for adjusting the light from a light source, into 
an illumination light having amain component of a linear polarization 
in a polarization direction parallel to said second direction. 
[Claim 6] 

An exposure apparatus as set forth in any of claims 1 to 5, 
characterized in that said illuminating optical system includes a 
switching mechanism for switching it selectively whether the 
illumination light to irradiate said substrate through said 
projecting optical system is an illumination light having a main 
component of the linear polarization in the polarization direction 
parallel to said second direction, or a natural light or a circular 
polarization or an elliptical polarization. 
[Claim 7] 

An exposure apparatus for transferring the image of a pattern 
formed on a mask, under an illumination light, onto a substrate through 
a projecting optical system, characterized by comprising: 

a shaping device for shaping the exposure view f ieldexposure 
field of said proj ecting optical system on said substrate, into a shape 
having a longitudinal direction; and 

an adjusting device for adjusting at least one of the 

polarization direction of said illumination light and said shaping 

device, to make the longitudinal direction of the exposure view 
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f ieldexposure field on said substrate and the polarization direction 

of said illumination light parallel to each other. 
[Claim 8] 

An exposure apparatus as set forth in claim 7, characterized: 
by further comprising an illuminating optical system for 

illuminating said mask with said illumination light; and 

in that said shaping device is disposed in said illuminating 

optical system. 

[Claim 9] 

An exposure apparatus as set forth in claim 7, characterized 
in that said adjusting device adjusts the light from the light source, 
into an illumination light having a main component of the polarization 
direction parallel to the longitudinal direction of the exposure view 
f ieldexposure field on said substrate. 
[Claim 10] 

An exposure apparatus as set forth in any of claims 7 to 9, 
characterized: 

by further comprising a stage device for moving said mask and 
said substrate relatively along a first direction; and 

in that the longitudinal direction of said exposure view 
f ieldexposure field is perpendicular to said first direction. 
[Claim 11] 

An exposure apparatus as set forth in any of claims 1 to 10, 
characterized: 

in that said illuminating optical system includes a plurality 

of optical elements formed of a fluoride crystal; and 

in that said plural optical elements are different in the optical 

axis direction of said illuminating optical system between the kind 
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of the crystalline axis of optical elements of one portion and the 

kind of the crystalline axis of the optical elements of the other 
portion . 
[Claim 12] 

An exposure apparatus as set forth in claim 11, characterized 
in that the crystalline axis of the optical elements of said one portion 
and perpendicular to the optical axis direction of said illuminating 
optical system and the crystalline axis of the optical elements of 
said other portion and perpendicular to the optical axis direction 
of said illuminating optical system are arranged to rotate relative 
to each other on the center axis or the optical axis of said 
illuminating optical system. 
[Claim 13] 

An exposure method for transferring, while moving a mask having 
a pattern formed thereon and a substrate relative to each other along 
a first direction, the pattern of said mask to said substrate through 
a projecting optical system, 

characterized in that an illumination light to irradiate said 
substrate is an illumination light of a slit shape having a 
longitudinal direction in a second direction perpendicular to said 
first direction, and having a main component of a linear polarization 
parallel to said second direction. 
[Claim 14] 

An exposure method as set forth in claim 13, characterized in 
that the exposure is performed such that, of said pattern formed on 
said mask, a line pattern is set to have its longitudinal direction 
substantially parallel to said second direction. 
[Claim 15] 
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An exposure method as set forth in claim 13 or 14, characterized 

in that said illumination light has a degree of polarization of 80 % 
or more. 
[Claim 16] 

An exposure method for transferring, under an illumination light, 
the image of a pattern formed on a mask, onto a substrate through a 
projecting optical system, characterized by: 

shaping the exposure field of viewexposure field of said 
projecting optical system on said substrate into a shape having a 
longitudinal direction; and 

transferring the image of the pattern of said mask onto said 
substrate such that the polarization direction of an illumination 
light to irradiate said substrate is parallel to the longitudinal 
direction of the exposure view f ieldexposure field on said substrate. 
[Claim 17] 

An exposure method as set forth in claim 16, characterized in 
that the exposure is performed such that, of said pattern formed on 
said mask, a line pattern is set to have its longitudinal direction 
substantially parallel to the longitudinal direction of said exposure 
view f ieldexposure field. 
[Claim 18] 

An exposure method as set forth in claim 16 or 18, characterized 
in that, when the exposure is performed with said mask and said 
substrate being relatively moved along a first direction, the 
longitudinal direction of said exposure view f ieldexposure field is 
perpendicular to said first direction. 
[Claim 19] 

A device manufacturing method using an exposure apparatus as 
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set forth in any of claims 1 to 12, characterized: 

in that a silicon crystal substrate, in which a direction normal 
to its surface is substantially aligned with a [111] crystalline axis, 
is used as said substrate; and 

in that said substrate is exposed to said illumination light 
such that either a [11-2] crystalline axis perpendicular to said [111] 
crystalline axis or a crystalline axis equivalent to the former is 
aligned with said second direction or the longitudinal direction of 
said exposure view f ieldexposure field. 
[Claim 20] 

A device manufacturing method as set forth in claim 19, 
characterized in that said substrate is so exposed to the gate pattern 
formed on said mask, as to be substantially parallel to either said 
[11-2] crystalline axis or a crystalline axis equivalent to the 
former . 
[Claim 21] 

A device manufacturing method using an exposure apparatus as 
set forth in any of claims 1 to 12, characterized: 

in that a silicon crystal substrate, in which a direction normal 
to its surface is substantially aligned with a [110] crystalline axis, 
is used as said substrate; and 

in that said substrate is exposed to said illumination light 
such that either a [00-1] crystalline axis perpendicular to said [110] 
crystalline axis or a crystalline axis equivalent to the former is 
aligned with said second direction or the longitudinal direction of 
said exposure view f ieldexposure field. 
[Claim 22] 

A device manufacturing method as set forth in claim 21, 
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characterized in that said substrate is so exposed to the gate pattern 

formed on said mask, as to be substantially parallel to either said 
[00-1] crystalline axis or a crystalline axis equivalent to the 
former . 
[Claim 23] 

A device manufacturing method using an exposure apparatus as 
set forth in any of claims 1 to 12, characterized: 

in that a semiconductor wafer, in which a semiconductor 
crystalline structure of its surface layer is distorted at least in 
one predetermined direction, is used as said substrate; and 

in that said substrate is exposed such that the direction for 
the highest mobility of at least electrons or holes in said surface 
layer is aligned with either said first direction or a direction 
perpendicular to the longitudinal direction of said exposure view 
f ieldexposure field. 
[Claim 24] 

A device manufacturing method as set forth in claim 23, 
characterized in that said surface layer is a silicon crystalline 
layer. 
[Claim 25] 

A device manufacturing method using an exposure apparatus as 
set forth in any of claims 13 to 18, characterized: 

in that a silicon crystal substrate, in which a direction normal 
to its surface is substantially aligned with a [111] crystalline axis, 
is used as said substrate; and 

in that said substrate is exposed to said illumination light 

such that either a [11-2] crystalline axis perpendicular to said [111] 

crystalline axis or a crystalline axis equivalent to the former is 
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aligned with said second direction or the longitudinal direction of 

said exposure view f ieldexposure field. 
[Claim 26] 

A device manufacturing method as set forth in claim 25, 
characterized in that said substrate is so exposed to the gate pattern 
formed on said mask, as to be substantially parallel to either said 
[11-2] crystalline axis or a crystalline axis equivalent to the 
former . 
[Claim 27] 

A device manufacturing method using an exposure method as set 
forth in any of claims 13 to 18, characterized: 

in that a silicon crystal substrate, in which a direction normal 
to its surface is substantially aligned with a [110] crystalline axis, 
is used as said substrate; and 

in that said substrate is exposed to said illumination light 
such that either a [00-1] crystalline axis perpendicular to said [110] 
crystalline axis or a crystalline axis equivalent to the former is 
aligned with said second direction or the longitudinal direction of 
said exposure view f ieldexposure field. 
[Claim 28] 

A device manufacturing method as set forth in claim 27, 
characterized in that said substrate is so exposed to the gate pattern 
formed on said mask, as to be substantially parallel to either said 
[00-1] crystalline axis or a crystalline axis equivalent to the 
former . 
[Claim 29] 

A device manufacturing method using an exposure method as set 

forth in any of claims 13 to 18, characterized: 

10 



JP2004-1 791 72Trans I at i on 

in that a semiconductor wafer, in which a semiconductor 

crystalline structure of its surface layer is distorted at least in 
one predetermined direction, is used as said substrate; and 

in that said substrate is exposed such that the direction for 
the highest mobility of at least electrons or holes in said surface 
layer is aligned with either said first direction or a direction 
perpendicular to the longitudinal direction of said exposure view 
f ieldexposure field. 
[Claim 30] 

A device manufacturing method as set forth in claim 29, 
characterized in that said surface layer is a silicon crystalline 
layer. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an exposure apparatus, an 
exposure method and a device manufacturing method, which are used when 
a semiconductor integrated circuit, a liquid crystal display element, 
a thin film magnetic head, another micro device, or a photomask is 
manufactured by using a photolithographic technique. 
[0002] 
[Prior Art] 

When a fine pattern of an electronic device such as a 

semiconductor integrated circuit or a liquid crystal display is to 

be formed, there is used a method for reducing, exposing and 

transferring the pattern of a reticle (a mask, as also called so) , 

which is drawn by proportionally enlarging a pattern to be formed by 

four or five times, to an exposed substrate such as a wafer by using 
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a projecting exposure apparatus. 
[0003] 

The projecting exposure apparatus used in the transfer has been 
shifted in its exposure wavelength to a shorter side so as to match 
the miniaturization of the semiconductor integrated circuit. At 
present, 248 nm of a KrF excimer laser is becoming the mainstream, 
but a shorter wavelength of 193 nm of an ArF excimer laser is coming 
into the practical stage. There is also proposed a projecting 
exposure apparatus using a light source of a shorter wavelength band, 
as called the "vacuum ultraviolet range", such as a F 2 laser having 
a wavelength of 157 nm or an Ar 2 laser having a wavelength of 12 6 nm. 
[0004] 

On the other hand, a high resolution can be made not only by 
shortening the wavelength but also by enlarging the numeral aperture 

(NA) of an optical system. Thus, a development has been made to 
enlarge increase the NA of the optical system more. For realizing 
the high resolution, it is necessary to reduce the aberration of the 
projecting optical system. In the process for manufacturing the 
projecting optical system, therefore, a wavefront aberration 
measurement using the optical interference is performed to measure 
the residual aberration in an accuracy of about 1/1000 of the exposure 
wavelength so that the projecting optical system is adjusted on the 
basis of the measured value. 

[0005] 

These large NA and small aberration are easier to realize for 

the optical system of the smaller field of view. However, the exposure 

apparatus has the processing ability {or throughput) improved the 

better for the larger view field (or exposure field) . In order to 

12 



JP2004-1 791 72Trans I at i on 

acquire a substantially large exposure field by using a projecting 

optical system having a small view field but a large NA, the recent 
mainstream is the scan type exposure apparatus, in which the mask and 
the wafer are relatively scanned during the exposure while keeping 
their focusing imaging relation. 
[0006] 

The projecting optical system, as used in the scan type exposure 
apparatus, has a good image rangeimage area (or a good exposure view 
f ieldexposure field) of a rectangular type, which is generally long 
in one direction and short in a perpendicular direction. This optical 
system may use a reflection optical systemcataptric optical system 
but generally uses a refractive optical systemdioptric optical system 
In this case, the aforementioned rectangular exposure view 
f ieldexposure field is generally formed from the circular shape or 
the intrinsic good image rangeimage area, as made of a combination 
of circular lenses, of the refractive optical systemdioptric optical 
system, to a rectangular shape, which includes the center of that 
circle and is inscribed with that circle. This is because that 
rectangular view field can maximize the length of the longer side of 
the view field and accordingly the efficiency. 
[0007] 

In case, however, a cata-diopticcatadi optic system is adopted 
as the projecting optical system, the good image rangeimage area of 
the projecting optical system is not always the circular shape. 
Therefore, the exposure view f ieldexposure field is neither always 
the rectangular shape including the diameter of the circle, but may 
be a rectangle having its center eccentric from the center of the 
circle . 
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[0008] 

The direction for a relative scan is perpendicular to the longer 
side direction. As a result, the view field of the projecting optical 
system in the shorter direction of the rectangle is enlarged by that 
relative scanning so that the narrow view field in the shorter side 
direction raises no problem. 
[0009] 

[Problems that the Invention is to Solve] 

As described above, the exposure area to be exposed by the scan 
type exposure apparatus is obtained for one direction by the view field 
of the projecting optical system, and the focusing perf ormanceimaging 
performance of the projecting optical system also changes according 
to that position so that the transfer characteristics of the pattern 
also change. 
[0010] 

On the other hand, the perpendicular direction is enlarged by 
the relative scan between the reticle and the wafer, and the focusing 
perf ormanceimaging performance of the projecting optical system is 
uniform in its direction. 
[0011] 

Generally in the optical system, there is left the aberration 
to degrade the focusing characteristicimaging characteristics. In 
the projecting optical system for the projecting exposure apparatus, 
the residual aberration is extremely less than that of an optical 
system for another application. It is, however, unavoidable to leave 
the aberration of some extent. 
[0012] 

As these residual aberrations, there are the components (or the 
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radial components) to blur the transfer image in the radial direction 

from the optical axis of the projecting optical system to the 
circumference, and the components (or the concentric components) to 
blur the transfer image in the concentric direction on the optical 
axis of the projecting optical system. Of these, the radial 
components are generally larger. 
[0013] 

The aberrations of the radial components are coma aberrations 
and chromatic aberrations of a magnif icationmagnif ication chromatic 
aberration. The coma aberrations are hard to correct on the design 
and from the manufacturing error, and are difficult to eliminate 
completely. The corrections of the chromatic aberrations of the 
magnif icationmagnif ication chromatic aberration require a large 
quantity of expensive lens material for correcting the secondary 
spectrum of the lenses, so that the lens price extremely rises for 
the complete corrections. On the other hand, the influences of the 
chromatic aberrations can be reduced by narrowing (for the narrow 
band) the wavelength width of a light source such as a laser (e.g., 
an excimer laser) . As the laser has the narrower band, however, its 
output drops so that the exposure light illuminance on the wafer 
surface drops. As a result, the elongation of the illumination time 
is needed to lower the processing ability (or the throughput) of the 
exposure apparatus so that the production yield drops. Because of 
a lifetime of the optical elements needed for the narrower laser band, 
the optical elements have to be periodically replaced to raise the 
running cost for the laser. 
[0014] 

The present invention has been made to solve those problems, 
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and has an object to realize an exposure apparatus, an exposure method 

and a device manufacturing method, which can perform a high-precision 
transfer of important ones of patterns to be transferred to a substrate, 
and which can transfer a pattern equivalent to or higher than that 
of the prior art even if when they use an optical system having the 
aberrations of concentric components such as the magnification 
chromatic aberrations or the partial coma aberrations left therein. 
[0015] 

[Means for Solving the Problems] 

In the description to be made under this title, the invention 
will be described in connection with the reference numerals shown in 
the drawings explaining the mode of embodiments. However, the 
individual components of the invention should not be limited to those 
designated by those reference numerals in the drawings. 

[0016] 

In order to solve the aforementioned problems, according to a 
first aspect of the invention, there is provided a scanning type 
exposure apparatus for transferring the image of a pattern formed on 
a mask (18) onto a substrate (25) comprising a stage device (19, 26) 
for moving said mask and said substrate relatively along a first 
direction (a Y direction), an illuminating optical system (IL) for 
illuminating said mask, and a projecting optical system (24) for 
projecting the pattern of said mask on said substrate, wherein said 
illuminating optical system has a function to illuminate said mask 
such that the polarization state of the illumination light to 
irradiate said substrate through said projecting optical system may 
make a main component of the linear polarization in the polarization 
direction parallel to a second direction perpendicular to said first 
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direction. Here, "to make a main component of the linear 

polarization" means the complete polarization, in which said 
illumination light is composed of only said linear polarization, or 
the partial polarization including the natural light or another 
polarization. It is desired that said illumination light has a degree 
of polarization of 80 % or more, in case it is a partial polarization. 
The "degree of polarization" is the ratio of the energy of said linear 
polarization of said partial polarization to the whole energy. 
Moreover, the "polarization direction" is the direction of the 
electric- field vector of a light. 
[0017] 

According to the invention, when the pattern of the mask is to 
be transferred to the substrate, the polarization state of the 
illumination light (or the exposure light) to irradiate the substrate 
is made to have the main component of the linear polarization of the 
polarization direction parallel to the second direction perpendicular 
to the first direction as the moving direction, and the pattern of 
the mask is exposed and transferred to the substrate. Of the pattern 
formed on the mask, the contrast of the projected image on the line 
pattern extending in the direction along said second direction can 
be raised to transfer the fine pattern highly precisely. 
[0018] 

In the invention, said illuminating optical system (IL) includes 

a shaping device (14) for shaping the sectional shape of the 

illumination light to irradiate said substrate, into a slit shape (a 

rectangular shape, a strip shape) having a longitudinal direction in 

said second direction. As a result, the adverse influences due to 

the residual aberration of the projecting optical system can be 
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alleviatedrelaxed to make the transfer more precise. Here, said mask 

and said substrate are in the focusing relation (in which the pattern 
of the mask is projected) . Therefore, the sectional shape of the 
illumination light on said substrate can be made into the slit shape 
by forming the sectional shape of the illumination light (I 4 ) to 
irradiate said mask (18) into the slit shape. 
[0019] 

In these cases, said stage device (19, 26) holds said mask such 
that the longitudinal direction and said second direction (or an X 
direction) of line patterns (32 to 34) of the patterns formed on said 
mask (18) are substantially parallel . In case said line patterns are 
two or more kinds in mutually different directions (e.g., mutually 
perpendicular directions) , said mask is desirably held such that, of 
said line patterns, a major line pattern to perform the highly precise 
transfer has a longitudinal direction substantially parallel to said 
second direction. Since the exposure precision on the line pattern 
extending in the direction along the second direction can be raised, 
as described above, the exposure precision of said main line patterns 
can be enhanced by setting the main line pattern positively along said 
second direction. 
[0020] 

In the invention, said illuminating optical system (IL) can 

include an adjusting device (5) for illuminating said substrate (25) 

with the light (I 0 ) fed from a light source (1), as an illumination 

light having a main component of a linear polarization in a 

polarization direction parallel to said second direction (or an X 

direction) through said projecting optical system (24) . In case the 

light source (1) for feeding supplying the light to the illuminating 
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optical system (IL) emits the light having a main component of the 

linear polarization in the polarization direction parallel to a 
specific direction, said adjusting device (5) is exemplified by a 
polarization rotating device (e.g. , a 1/2 wavelength platewave-plate ) , 
in which the polarization direction of said linear polarization of 
the illumination light to irradiate said substrate (25) rotates the 
polarization plane along said second direction. However, that 
adjusting device (5) need not be used, but the optical system position 
relation between said light source (1) and said illuminating optical 
system (IL) may be so suitably set that the illumination light having 
the main component of the linear polarization in the polarization 
direction parallel to said second direction is guided to irradiate 
said substrate through said projecting optical system, in case, on 
the other hand, the light source (1) to feed the light to the 
illuminating optical system (IL) emits a natural light or another 
polarization light (e.g., a circle polarization or an elliptic 
polarization), said adjusting device (5) is exemplified by a linear 
polarization device (e.g., a linear polarization elementpolarizer or 
a 1/4 wavelength platewave-plate) for adjusting the light from said 
light source into an illumination light having a main component of 
the linear polarization of the polarization direction parallel to said 
second direction. 
[0021] 

In the invention, said illuminating optical system (IL) can 

include a switching mechanism for switching it selectively whether 

the illumination light to irradiate said substrate (25) through said 

projecting optical system (24) is an illumination light having a main 

component of the linear polarization in the polarization direction 
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parallel to said second direction, or a natural light or a circular 

polarization or an elliptical polarization. As a result, the proper 
illumination light can be selected according to the contents of the 
pattern to be exposed and transferred. 
[0022] 

In order to solve the aforementioned problems, according to a 
second aspect of the invention, there is provided an exposure 
apparatus for transferring the image of a pattern formed on a mask 

(18) , under an illumination light (I 4 ), onto a substrate (25) through 
a projecting optical system (24) comprising: a shaping device (14) 
for shaping the exposure view f ieldexposure field of said projecting 
optical system (24) on said substrate, into a shape having a 
longitudinal direction; and an adjusting device (5) for adjusting at 
least one of the polarization direction of said illumination light 

(I 4 ) and said shaping device (14) , to make the longitudinal direction 
of the exposure view f ieldexposure field of said projecting optical 
system on said substrate and the polarization direction of said 
illumination light to irradiate said substrate parallel to each other. 

[0023] 

The exposure apparatus of the invention can comprise an 
illuminating optical system (IL) for illuminating said mask with said 
illumination light (I 4 ) , and said shaping device (14) can be disposed 
in said illuminating optical system (IL). 
[0024] 

In the invention, moreover, said adj usting device (5) can adjust 
the light from the light source, into an illumination light having 
amain component of the linear polarization direction parallel to the 
longitudinal direction of the exposure view f ieldexposure field of 
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said projecting optical system on said substrate. 

[0025] 

Moreover, the exposure apparatus of the invention can comprise 
a stage device (19, 26) for moving said mask (18) and said substrate 
(25) relatively along a first direction (or a Y direction), and the 
longitudinal direction of said exposure view f ieldexposure field can 
be the direction (or an X direction) perpendicular to said first 
direction. 
[0026] 

According to a third aspect of the invention, in an exposure 
apparatus according to the first or second aspect of the invention, 
said illuminating optical system includes a plurality of optical 
elements formed of a fluoride crystal, and said plural optical 
elements are different in the optical axis direction of said 
illuminating optical system between the kind of the crystalline axis 
of optical elements of one portion and the kind of the crystalline 
axis of the optical elements of the other portion. 
[0027] 

In this case, the crystalline axis of the optical elements of 
said one portion and perpendicular to the optical axis direction of 
said illuminating optical system and the crystalline axis of the 
optical elements of said other portion and perpendicular to the 
optical axis direction of said illuminating optical system can be 
arranged to rotate relative to each other on .the center axis or the 
optical axis of said illuminating optical system. 
[0028] 

Here, the phrase "the kind of the crystalline axis of optical 

elements of one portion and the kind of the crystalline axis of the 
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optical elements of the other portion are different" means that, in 

case the crystalline axis of the illuminating optical system axial 
direction of said optical elements of one portion is the [111] 
crystalline axis, for example, the crystalline axis of the 
illuminating optical system axial direction of said optical elements 
of the other portion is the crystalline axis (e.g., the [100] 
crystalline axis) other than the [111] crystalline axis. 
[0029] 

By arranging the plural optical elements in the predetermined 
relation, as described above , the birefringence owned by said optical 
elements can be corrected or offset to reduce the adverse influences 
to the polarization direction or the polarization state of the 
illumination light by said birefringence. 
[0030] 

In order to solve the aforementioned problems, according to a 
fourth aspect of the invention, there is provided an exposure method 
for transferring, while moving a mask (18) having a pattern formed 
thereon and a substrate (25) relative to each other along a first 
direction (or a Y direction) , the pattern of saidmask to said substrate 
through a projecting optical system, wherein an illumination light 
to irradiate said substrate is an illumination light of a slit shape 
having a longitudinal direction in a second direction perpendicular 
to said first direction, and having a main component of a linear 
polarization parallel to said second direction. In this case, of said 
pattern formed on said mask, a line pattern is desirably set to have 
its longitudinal direction substantially parallel to said second 
direction . 
[0031] 
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Here, the "illumination light having amain component of a linear 

polarization" means either the complete polarization, in which said 
illumination light has only said linear polarization as a component, 
or a natural light or a partial polarization containing another 
polarization. It is desired that said illumination light has a degree 
of polarization of 80 % or more in the case of the partial polarization. 
The "degree of polarization" is the ratio of the energy of said linear 
polarization of said partial polarization to the whole energy. 
Moreover, the "polarization direction" is the direction of the 
electric-field vector of a light. 
[0032] 

According to the invention, the linear polarization of the 
polarization direction parallel to the second direction perpendicular 
to the first direction as the moving direction is used as the main 
component, and the exposure is made by using the slit-shaped 
illumination light having the longitudinal direction in said second 
direction. Of the pattern formed on the mask, the contrast of the 
projected image on the line pattern extending in the direction along 
said second direction can be raised, and the adverse influences due 
to the aberration of the projecting optical system for projecting the 
pattern of the mask on the substrate can be alleviatedrelaxed to 
transfer the fine pattern highly precisely. 
[0033] 

In order to solve the aforementioned problems, according to a 

fifth aspect of the invention, there is provided an exposure method 

for transferring, under an illumination light (I4), the image of a 

pattern formed on a mask (18), onto a substrate (25) through a 

pro j ecting optical system (24) . The exposure method is characterized 
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by shaping the exposure field of viewexposure field of said projecting 

optical system (24) into a shape having a longitudinal direction, and 
by transferring the image of the pattern of said mask onto said 
substrate such that the polarization direction of an illumination 
light (I 4 ) is parallel to the longitudinal direction of said exposure 
view f ieldexposure field. 
[0034] 

In the invention, the exposure can be performed such that, of 
said pattern formed on said mask, a line pattern is set to have its 
longitudinal direction substantially parallel to the longitudinal 
direction of said exposure view f ieldexposure field. 
[0035] 

In the invention, moreover, when the exposure is performed with 
said mask (18) and said substrate (25) being relatively moved along 
a first direction (or a Y direction) , the longitudinal direction of 
said exposure view f ieldexposure field is perpendicular to said first 
direction . 
[0036] 

According to a sixth aspect of the invention, in the exposure 
apparatus according to the first, second or third aspect of the 
invention or in the exposure method according to the fourth or fifth 
aspect of the invention, there is provided a device manufacturing 
method using an exposure apparatus characterized in that a silicon 
crystal substrate, in which a direction normal to its surface is 
substantially aligned with a [111] crystalline axis, is used as said 
substrate, and 

in that said substrate is exposed to said illumination light such that 

either a [11-2] crystalline axis perpendicular to said [111] 
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crystalline axis or a crystalline axis equivalent to the former is 

aligned with said second direction or the longitudinal direction of 
said exposure view f ieldexposure field. In this case, said substrate 
can be so exposed to the gate pattern formed on said mask, as to be 
substantially parallel to either said [11-2] crystalline axis or a 
crystalline axis equivalent to the former. Thus, it is possible to 
manufacture a semiconductor device capable of acting at a higher speed, 
and another electronic device. 
[0037] 

According to a seventh aspect of the invention, in the exposure 
apparatus according to the first, second or third aspect of the 
invention or in the exposure method according to the fourth or fifth 
aspect of the invention, there is provided a device manufacturing 
method using an exposure apparatus characterized in that a silicon 
crystal substrate, in which a direction normal to its surface is 
substantially aligned with a [110] crystalline axis, is used as said 
substrate, and in that said substrate is exposed to said illumination 
light such that either a [00-1] crystalline axis perpendicular to said 
[110] crystalline axis or a crystalline axis equivalent to the former 
is aligned with said second direction or the longitudinal direction 
of said exposure view f ieldexposure field. In this case, said 
substrate can be so exposed to the gate pattern formed on said mask, 
as to be substantially parallel to either said [00-1] crystalline axis 
or a crystalline axis equivalent to the former. Thus, it is possible 
to manufacture a semiconductor device capable of acting at a higher 
speed, and another electronic device. 
[0038] 

According to an eighth aspect of the invention, in the exposure 
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apparatus according to the first, second or third aspect of the 

invention or in the exposure method according to the fourth or fifth 
aspect of the invention, there is provided a device manufacturing 
method using an exposure apparatus, characterized in that a 
semiconductor wafer, in which a semiconductor crystalline structure 
of its surface layer is distorted at least in one predetermined 
direction, is used as said substrate, and in that said substrate is 
exposed such that the direction for the highest mobility of at least 
electrons or holes in said surface layer is aligned with either said 
first direction or a direction perpendicular to the longitudinal 
direction of said exposure view f ieldexposure field. In this case, 
said surface layer can be exemplified by a semiconductor wafer owned 
by a silicon crystalline layer. Thus, it is possible to manufacture 
a semiconductor device capable of acting at a higher speed, and another 
electronic device. 
[0039] 

In Specification of this patent application, the phrase of "the 
crystalline axis and the equivalent crystalline axis" means a 
crystalline axis having the order of indexes of a crystalline axis 
interchanged, and a crystalline axis having signs of at least a portion 
of their individual indexes partially inverted. In case a crystalline 
axis is [abc] , the following crystalline axes are equivalent: 
[acb] , [bac] , [bca] , [cab], [cba], [-abc], [-acb], [-bac] , [-bca], 
[-cab], [-cba], [a-bc] , [a-cb] , [b-ac] , [b-ca] , [c-ab] , [c-ba], 
[ab-c] , [ac-b] , [ba-c] , [bc-a] , [ca-b] , [cb-a] , [a-bc], [-a-cb], 
[-b-ac], [-b-ca], [-c-ab], [-c-ba], [a-b-c] , [a-c-b] , [b-a-c] , 
[b-c-a] , [c-a-b] , [c-b-a] , [-a-b-c], [-a-c-b], [-b-a-c], [-b-c-a], 
[-c-a-b] , and [-c-b-a] . 
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[0040] 

[Mode of Embodiment of the Invention] 

Modes of embodiment of the invention are described in the 
following with reference to the accompanying drawings. 
[0041] 

Fig. 1 is a diagram showing a schematic constitution of an 
exposure apparatus according to a mode of embodiment of the invention. 
This exposure apparatus is a step-and-scan type (or scanning type) 
projecting exposure apparatus. Here in the following description, 
an XYZ orthogonal coordinate system shown in Fig. 1 is set, and 
description is made with reference to the XYZ orthogonal coordinate 
system. In the XYZ orthogonal coordinate system, the Y-axis and the 
Z-axis are set parallel to the sheet face, and the X-axis is set normal 
to the sheet face. In the shown XYZ coordinate system, the XY plane 
is set parallel to the horizontal plane, and the Z-axis is set upward 
of the vertical line. The direction along the Y-axis is the scan (or 
scanning) direction. 
[0042] 

A scan type projecting exposure apparatus according to this mode 
of embodiment is constituted to include a light source 1, an 
illuminating optical system IL, a projecting optical system 24 and 
a stage device having a reticle stage 19 and a wafer stage 26. 
[0043] 

A reticle (or mask) 18 having a pattern to be transferred is 

sucked and held on the reticle stage 19 placed on a reticle stoolreticle 

surface plate 22, so that it can be scanned in the Y direction as shown 

over the reticle stoolreticle surface plate 22 by the reticle stage 

19 . A reticle side moving mirror 20 is disposed over the reticle stage 
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19, and a reticle side laser interferometer 21 is arranged to confront 

the reticle side moving mirror 20. The measured value by the reticle 
side laser interferometer 21 is fed to the not-shown stage control 
device so that the actions of the reticle stage 19 are controlled by 
that stage control device. 
[0044] 

The reticle 18 sucked and held by the reticle stage 19 is 
irradiated with an illumination light I 4 by the illuminating optical 
system IL. The reticle stoolreticle surface plate 22 has an aperture 
23 for passing the illumination light I 4 so that the illumination light 

(or a diffracted light) having passed through the reticle 18 enters 
the projecting optical system 24 through the aperture 23. By the 
focusing action of the projecting optical system 24, moreover, the 
projected image of the pattern on the reticle 18 is formed on a 
semiconductor wafer (or a sensitive substrate) 25 as the exposed 
substrate. This projected image photosensitizes the photoresist 
applied to the surface of the wafer 25 so that the reticle pattern 
is transferred to the surface of the wafer 25. 

[0045] 

The wafer 25 is sucked and held by the wafer stage 26 placed 

on a wafer stoolwafer surface plate 29 so that it can be scanned in 

the Y direction, as shown, over the wafer stoolwafer surface plate 

29 by the wafer stage 26. Over the wafer stage 26, there is disposed 

a wafer side moving mirror 27, which is confronted by a wafer side 

laser interferometer 28. The measured value by the wafer side laser 

interferometer 28 is fed to the stage control device, by which the 

wafer stage 2 6 is controlled to move synchronously with the movement 

of the reticle stage 19. Here, the wafer stage 26 is enabled not only 
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to scan in the Y direction but also to perform stepping movements in 

the X direction and in the Y direction. In order to transfer the 
projected images of the reticle pattern to a plurality of shot areas 
set all over the surface of the wafer 25, the scanning exposures in 
the Y direction are repeated while the wafer 25 being sequentially 
stepwise moved in the XY directions. 
[0046] 

An illumination light I 0 , as emitted from the light source 1 
such as a KrF (krypton-fluorine) excimer laser (having a wavelength 
of 248 nm) , an ArF (argon-fluorine) excimer laser (having a wavelength 
of 193 nm) or a F 2 (a fluorine molecule) laser (having a wavelength 
of 157 nm) , is fed to the illuminating optical system IL. 
[0047] 

The illuminating optical system IL has a constitution, as 
follows. The illumination light I 0 fed from the light source 1 is 
guided a polarizing mirror 2 and shaping optical systems 3 and 4 so 
that it enters a polarization control element (or an adjusting device) 
5 . The detail of this polarization control element 5 will be described 
hereinafter . 
[0048] 

An illumination light Ii having passed through the polarization 

control element 5 enters a first illumination uni forming member 6 such 

as a fly-eyefly' s eye lens or a diffraction grating. The luminous 

fluxlight beam having emanated the first illumination uniforming 

member 6 passes through relay lenses 7 and 8, and enters a second 

illumination uniforming member 9 such as a fly-eyefly' s eye lens. 

The illumination uniforming member 9 is equipped on its emanating side 

face with an illumination aperture stop (or a a diaphragm) 10. This 
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illumination aperture stop 10 can be exemplified by a circular stop 

{or an iris stop) having a variable radius, an 
ring-shapedannular-shaped stop or a modified illumination stop having 
a plurality of apertures. These stops are arranged on a rotatable 
revolver so that they can be selectively arranged by rotating and 
positioning the revolver properly. 
[0049] 

The luminous fluxlight beam having emanated the illumination 
aperture stop 10 arrives, through a relay lens 11, a bending 
mirrorf olding mirror 12 and a relay lens 13, at a field stop 14. The 
field stop 14 (or a shaping device) is a device or member for 
restricting the illuminated field of view on the reticle 18. 
[0050] 

The present exposure apparatus is the scan type exposure 
apparatus, and the reticle 18 and the wafer 25 are scanned for the 
exposure in the Y direction. Therefore, the illumination field of 
viewillumination field on the reticle 18 is such a slit shape (or a 
rectangular shape) as is long in the X direction and short in the Y 
direction. Considering the reflection characteristics of a bending 
mirrorf olding mirror 17, therefore, the field stop 14 is formed into 
such a rectangular shape as is long in the X direction and short in 
the Z direction . In order to adjust the width of the slit, it is further 
preferred that the stops defining the two ends of the field stop 14 
in the Z direction can move in the Z direction. Like discussion 
applies to the X direction. The luminous fluxlight beam having passed 
through the field stop 14 irradiates the reticle 18 through relay 
lenses 15 and 16 and the bending mirrorf olding mirror 17. 
[0051] 
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The polarization control element 5 is an optical element for 

controlling the polarization state of the illumination light Ic to 
a predetermined state. In this predetermined state, the illumination 
light to irradiate the reticle 18 is a generally linear polarization, 
and its polarization direction (i.e., the direction of the 
electric-optical field vector of light) is aligned in the X direction, 
as shown. In the apparatus shown in Fig . 1, the polarization direction 
at the emanating position of the polarization control element 5 is 
also set in the X direction. 
[0052] 

The ordinary projecting optical system does not contain such 
a member (e.g., a wavelength platewave-plate or a polarization beam 
splitter) as changes the polarization direction of the illumination 
light (or the exposure light). Therefore, if when the polarization 
state of the illumination light to irradiate the reticle 18, as 
described above, is made parallel (or coincident with) to the X 
direction shown in the figure (i.e., the longitudinal direction of 
the field of view of the projecting optical system) , the polarization 
state of the illumination light (or the exposure light) to irradiate 
the wafer through the mask and the projecting optical system is also 
generally parallel to the longitudinal direction of the field of view 
of the projecting optical system. Thus, the following description 
is made, premising that the polarization state of the illumination 
light to irradiate the reticle and the polarization state of the 
illumination light (or the focused light) to irradiate the wafer are 
equivalent . 
[0053] 

The emanation light (or the illumination light Io) of the 
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aforementioned excimer laser light source or the fluorine laser light 

source is a generally linear polarization light. In order to align 
the polarization direction of that linear polarization with the 
aforementioned predetermined direction, the 1/2 wavelength 
platewave-plate, which is made of an optical material such as quartz 
crystal (crystal of silicon dioxide) or magnesium fluoride crystal 
having a birefringence is inserted in the predetermined direction. 
Here, that polarization control element 5 need not be provided in the 
optically relative positional relation between the light source 1 and 
the illuminating optical system IL, in case the polarization direction 
of the illumination light I c to be fed from the light source 1 to the 
illuminating optical system IL is aligned from the beginning with the 
aforementioned predetermined direction (or the X direction) . 
[0054] 

In case the light source 1 emits a luminous f luxlight beam other 
than the linear polarization as in the lamp or the random polarization 
laser, the polarization filter or the polarization beam splitter for 
transmitting only the linear polarization in the aforementioned 
predetermined direction is used as the polarization control element 
5. 

[0055] 

Here, the illumination light for irradiating the reticle 18 need 

not be a complete linear polarization, but the invention can exhibit 

its effect if the illumination light intensity is almost (e.g. , about 

80 % ormore) a predetermined linear polarization. Incase, therefore, 

the aforementioned polarization filter or polarization beam splitter 

is used, its polarization selection ratio is sufficient if it is at 

or over about 80 %. In case a fluorine laser with no narrowed band 
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is used as the light source, the illumination light I c is a linear 

polarization of some extent, and contains a linear polarization 
perpendicular to the former. For the similar reasoning, the 
illumination light need not be linearly polarized any more. 
[0056] 

Fig. 2 is a top plan view showing one example of the reticle, 
which is being placed on the reticle stage 19. As shown in Fig. 2, 
patterns 32, 33 and 34 are drawn as major line patterns in a pattern 
area 30 of the reticle 18. These patterns 32, 33 and 34 are thin in 
line widths for transistor gates and strict in the width uniformity 
required, and require high-precision transfers so that they are formed 
along a predetermined direction. In the pattern area 30, there are 
formed other patterns (although not shown) , which have relatively 
large widths such as wiring patterns formed at the end portions of 
the transistor gates, which are loose in the line width uniformity 
and which are formed along directions different from that of the 
patterns 32, 33 and 34. 
[0057] 

In this mode of embodiment, as shown in Fig. 2, the reticle 18 
is so adsorbed and held on the reticle stage 19 that its major patterns 
32, 33 and 34 extend generally in parallel with the X direction. Of 
the patterns to be transferred, specifically, the patterns 32, 33 and 
34, which have the fine line width and important line width uniformity, 
are set in the X direction. 
[0058] 

In Fig. 2, an area 31, as shown by broken lines in the pattern 

area 30, corresponds to the exposure field of viewexposure field of 

the projecting optical system 24, and is so inscribed in a good image 
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rangeimage area 4 0 of the projecting optical system 2 4 that its center 

is aligned with the optical axis AX of the projecting optical system 
24 . However, the exposure field of viewexposure field of the 
projecting optical system 24 may be set eccentric with respect to the 
good image rangeimage area 40 of the projecting optical system 24. 
In this case, the center of the exposure field of viewexposure field 
is not aligned with the optical axis AX of the projecting optical system 
24 . The illumination light I 4 , with which the reticle 18 is irradiated 
by the illuminating optical system IL, irradiates that area. The 
polarization state of the illumination light I 4 has a major component 
of a linear polarization having a polarization direction in the X 
direction, as indicated by E in Fig. 2. 
[0059] 

At the exposure, the reticle 18 and the wafer 25 are scanned 
in the Y direction relative to each other while keeping their focusing 
relation. Therefore, the pattern (i.e., the pattern 34 and so on) 
not in the exposure field of viewexposure field 31, as shown in Fig. 
2, is sequentially brought by that scan into the exposure field of 
viewexposure field 31 so that it is transferred to the wafer 25. 
[0060] 

Here is described one of the feature of the invention, that is, 
the relation between the pattern direction and the longer direction 
of the exposure field of viewexposure field or the polarization 
direction of the illumination light. 
[0061] 

Figs . 3 (A) to 3 (C) and Figs . 4 (A) to 4 (D) are diagrams for showing 

the relations between the pattern direction and the polarization 

direction. Fig. 3(A) and Fig. 4(A) show the case, in which a pattern 
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36 extending in the X direction is irradiated with a linear 

polarization I41 having the polarization direction Ei aligned with the 
X direction and a linear polarization I 42 having the polarization 
direction E 2 aligned with the Y direction. 
[0062] 

The illumination lights I41 and I42, as diffracted by the pattern 
36 extending in the Y direction, generate diffracted lights, 
respectively, in the +Y direction and the -Y direction. These 
diffracted lights are shown as a 0-th diffracted light D01, a -1st 
diffracted light DM1 and a +lst diffracted light DPI in Fig. 3(A), 
and are shown as a 0-th diffracted light D02, a -1st diffracted light 
DM2 and a +lst diffracted light DP 2 in Fig. 4 (A) . In the polarization 
state of each diffracted light, the polarization state of each 
illumination light I41 or I42 is stored. On an eye planepupil plane 
EP of the projecting optical system 24, the diffracted lights D01, 
DM1 and DPI in Fig. 3(A) are linear polarizations in the X direction, 
and the diffracted lights D02, DM2 and DP2 in Fig. 4(A) are linear 
polarizations in the Y direction. 
[0063] 

The advancing directions of these diffracted lights (i.e., the 

diffracted lights diverged in the Y direction from the pattern (i.e., 

the pattern in the X direction) extending in the X direction, as 

described above) are diffracted again in the Y directions, after 

having passed through the eye planepupil plane EP, by the focusing 

action of the projecting optical system 24, and are condensed again 

on the wafer 25 so that interference fringes or the images of the 

pattern 36 are formed. The wafer 25 is irradiated (or illuminated) 

with those interference fringes so that the image is recorded on the 
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photoresist applied to the wafer surface. 
[0064] 

In addition to the refractions of the luminous fluxlight beam, 
the polarization direction is rotated in a direction perpendicular 
to the advancing direction of the luminous fluxlight beam. This 
rotation follows the physical law of the light, in which the direction 
of the electric field is always perpendicular to the advancing 
direction of the light. 
[0065] 

The diffracted lights DM2 and DP2 in Fig. 4 (A) are linear 
polarizations in the Y direction on the eye planepupil plane EP, but 
their polarization direction change with the refractions of the 
diffracted lights DM2 and DP2 . Fig. 4 (B) is an enlarged diagram near 
the wafer 25 of Fig. 4 (A) . The polarization directions of the 
diffracted lights DM2 and DP2 are normal to the advancing directions 
of the individual luminous fluxlight esbeams and are offset from the 
Y direction. However, the advancing direction of the diffracted light 
D02 is the -Z direction so that the polarization direction is kept 
in the Y direction. 
[0066] 

The intensity distribution of the interference fringes (images) 
by such luminous fluxlight esbeams is the sum (the sum of X components 
is 0) of the square (or the energy) (the intensity distribution IM2 
indicated by a solid line in Fig. 4 (C) ) of the sum of the Y direction 
components of the individual polarizations (or the electric field) 
and the square (or the energy) (the intensity distribution IM3 
indicated by a broken line in Fig. 4 (C) ) of the sum of the Z direction 
components of the individual polarizations (or the electric field) , 
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and becomes the intensity distribution IM4 of Fig. 4(D). At this time, 

however, the Z direction components of the electric fields of the 
diffracted lights DM2 and DP2 are inverted in their signs by the 
relations of the two polarization angles. As a result, the intensity 
distribution IM3 is offset in phase from the intensity distribution 
of the image formed by the Y direction component of the electric field 
thereby to lower the image contrast. 
[0067] 

As shown in Fig. 4 (A) , therefore, the pattern in the X direction 
is illuminated with the linear polarization of the Y direction. Then, 
the polarization directions of the illumination lights (or the 
individual diffracted lights) to irradiate the wafer are not parallel 
to each other. As a result, the contrast of the projected image drops 
so that it is not suitable for the transfer of a fine pattern. 
[0068] 

On the contrary, the polarization direction of the luminous 

fluxlight beam in the X direction on the eye planepupil plane EP, like 

the diffracted lights D01, DM1 and DPI in Fig. 3(A), is kept in the 

X direction even if the advancing direction of the luminous fluxlight 

beam is refracted in the Y direction. As shown in Fig. 3 (B) , moreover, 

the wafer 25 is irradiated by the diffracted lights D01, DM1 and DPI 

having their polarization directions arranged in the X direction, so 

that the interference fringes are formed. This interference fringe 

intensity distribution is determined from the square of the sum of 

the X direction components of the electric field (because the sum of 

the Y and Z components is 0), as shown as an intensity distribution 

IM1 in Fig. 3 (C) . This means that the contrast is high because the 

components have no inverted sign unlike the case of Fig. 4(A). 
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[0069] 

The pattern of the X direction is so illuminated by the linear 
polarization having the polarization direction in the X direction that 
all the polarization directions of the illumination lights (or the 
individual diffracted lights) to irradiate the wafer may be parallel 
to the X direction, as shown in Fig. 3(A) . Then, the projected image 
has such a high contrast as suits for the transfer of a fine pattern. 
[0070] 

Next, the relations between the pattern direction and the longer 
side direction of the exposure field of viewexposure field are 
described with reference to Fig. 5. Fig. 5 shows the exposure view 
f ieldexposure field 31 of the projecting optical system 24. The 
exposure view f ieldexposure field 31 is formed into a rectangular 
shape having a longer side along the X direction and a shorter side 
along the Y direction. Moreover, the exposure view f ieldexposure 
field 31 frequently has its center C aligned with the optical axis 
AX of the projecting optical system 24, as has been described 
hereinbefore . 
[0071] 

The point image intensity distribution or the focusing 

characteristicimaging characteristics on a point 39 close to the end 

of the X direction on the exposure view f ieldexposure field 31 are 

extended broadened (or blurred) in the radial direction and the 

concentric circle direction (i.e., in the X direction and in the Y 

direction for the point 39 in Fig. 5) of the projecting optical system 

24 by the influences of the principle diffraction limits and the 

residual aberrations of the projecting optical system 24. As shown, 

point image intensity distributions 60 and 61 designate the X 
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direction section (or the radial direction section) and the Y 

direction section (or the concentric direction section) of the point 
image intensity distribution at the position of the point 39, 
respectively. Thus, it is general that the extending width of the 
point image distribution is made larger in the radial direction than 
in the concentric direction by the influences of the residual 
aberrations. The residual aberrations are various ones, of which the 
coma aberration and the magnification chromatic aberration are the 
major causes for making the extension of the point image distribution 
larger in the radial direction than that in the concentric direction. 
[0072] 

Of these aberrations, the coma aberration is difficult to remove 
completely, not only in the design but also in the manufacturing error . 
On the other hand, the magnification chromatic aberration can be 
eliminated by means of count ermeasures, e.g., by using a suitable 
material (e.g., fluorite) for eliminating the chromatic aberration 
in a large quantity as the material of lenses constituting the 
projecting optical system 24, or by making the projecting optical 
system 24 into a cata-diopticcatadi optic system having concave 
mirrors assembled therein. However, either the countermeasure is 
followed by the problem of raising the cost for manufacturing the 
projecting optical system. 
[0073] 

Because of those aberrations left in the projecting optical 

system, in the periphery of the exposure view f ieldexposure field 31, 

a pattern 37 parallel to the longer side of the exposure view 

f ieldexposure field 31 is less subjected to the influences of the 

residual aberrations than a pattern 38 perpendicular to the longer 
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side direction of the exposure view f ieldexposure field 31, so that 

the finer pattern can be transferred. 
[0074] 

In this mode of embodiment, of the patterns to be transferred, 
the pattern having a fine line width and a very important line width 
uniformity is directed in the X direction (i.e., the direction of the 
pattern 37), so that its transfer image is hardly subjected to the 
influences of the aforementioned aberration in the radial direction. 
Even if the same projecting optical system as that of the prior art 
is used, it is possible to resolve the finer pattern. Moreover, the 
illumination light to be emitted from the illuminating optical system 
IL is the linear polarization in the X direction or the most proper 
illumination for the pattern in the aforementioned X direction (i.e., 
the direction parallel to the longer side direction of the exposure 
view f ieldexposure field 31) , so that a finer pattern than that of 
the prior art can be resolved. 
[0075] 

If When the pattern to be exposed may be as fine as that of the 
prior art, the allowance of the residual aberration in the radial 
direction of the projecting optical system 24 used can be made looser 
than that of the projecting optical system of the prior art. 
Especially by relaxing the magnification aberration allowance, the 
cost for the projecting optical system can be lowered to provide an 
inexpensive projecting exposure apparatus. 
[0076] 

While leaving the chromatic aberration correction of the 

projecting optical system 24 as it is, moreover, the spectral width 

of the light source 1 can be loosened. In the case of the narrowed 
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laser, the loosening of the spectral width means the simplification 

of the laser band narrowing element, and can augment the laser output 
and elongate the lifetime of band-narrowed element, can improve the 
operating ability of the exposure apparatus, and can reduce the 
running cost for the band-narrowed element and for the exposure 
apparatus . 
[0077] 

Here in the aforementioned mode of embodiment, the reticle 18 
is irradiated with the illumination light I 4 having a main component 
in the polarization direction parallel to the X direction. Depending 
upon the pattern to be exposed, the polarization state of the 
illumination light to irradiate the reticle 18 may be preferably an 
unpolarization (or a natural light) , a circular polarization or an 
elliptical polarization. In this mode of embodiment, therefore, the 
polarization control element 5 is desirably made removable or 
rotatable on the axis of the advancing direction of the illumination 
light. 
[0078] 

For example, the light source 1 is a laser light source for 
emitting a luminous f luxlight beam of a generally linear polarization, 
and a 1/2 wavelength platewave-plate is used as the polarization 
control element 5. In this case, as shown in Fig. 6, the polarization 
control element 5 is composed of two 1/4 wavelength platewave-plates 
51 and 52. By the individual rotations on the axis of the advancing 
direction of the illumination light I 0 , the luminous fluxlight beam 
Ii to be emitted can be made into a linear polarization or a circular 
polarization. 
[0079] 
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Specifically, in case the exit light Ii is a linear polarization, 

it is sufficient to arrange the mutual longer axis direction of the 
1/4 wavelength platewave-plates 51 and 52, and to set the direction 
of the exit light I a intermediate between the polarization direction 
of the incident light I 0 and the desired polarization direction of 
the exit light Ii. In order to make the exit light Ii into a circular 
polarization, it is sufficient to align the loner axis direction of 
the 1/4 wavelength platewave-plate 51 on the light source side with 
the polarization direction of the incident light I 0 and to rotate the 
longer axis direction of the other 1/4 wavelength platewave-plate 52 
by 45 degrees with respect to the aforementioned polarization 
direction . 
[0080] 

In case the light source 1 emits the an unpolarized light, 
moreover, the polarization state -of the illumination light I 4 to 
irradiate the reticle 18 can be made variable by mounting and 
demounting a polarization filter or a polarization beam splitter as 
the polarization control element 5. 
[0081] 

Here, this mode of embodiment has been described on the 

step-and-scan type exposure apparatus, in which the pattern of the 

mask is transferred to the substrate while the mask and the substrate 

moving relative to each other, and in which the substrate is moved 

sequentially stepwise. However, the exposure may also be performed 

by the step-and-repeat type, in which the exposure view f ieldexposure 

field having the longer side direction and the shorter side direction 

is used to transfer the pattern of the mask to the substrate while 

the mask and the substrate being stationary, and in which the substrate 
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is moved sequentially stepwise. This step-and-repeat type exposure 

apparatus is different from the step-and-scan type exposure apparatus 
in that the exposure is performed with the mask and the substrate being 
stationary from each other, and the remaining constitution can be 
identical to that of the step-and-scan type exposure apparatus. In 
case the invention is applied to the step-and-repeat type exposure 
apparatus, the polarization direction of the illumination light for 
the pattern of the mask is adjusted by the polarization control element 
5, the field stop 14 is rotated on the optical axis of the illuminating 
optical system so that the longer side direction of the exposure field 
of the projecting optical system and the polarization direction of 
the illumination light can be parallel to each other. In case the 
polarization direction of the illumination light to be fed from the 
light source is identical from the beginning to a predetermined 
direction, it is sufficient to rotate the field stop 14 without 
providing the polarization control element. 
[0082] 

Here, in case the light source of the exposure apparatus is a 
vacuum ultraviolet ray such as the F 2 laser, the material for the 
transmission optical member of the used lens is exemplified by the 
so-called "modified quartz" such as fluoride crystal such as fluorite 
or fluorine added quartz having a high transmission to the vacuum 
ultraviolet ray. Moreover, the optical path has to be replaced, when 
used, by a rare or nitrogen gas having a high transmission to the vacuum 
ultraviolet ray. 
[0083] 

Here in the exposure apparatus using the F 2 laser as the light 
source, the material, which can be used as a lens to be adopted in 
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the illuminating optical system or the projecting optical system, is 

substantially limited to the fluorite by the transmittance . The 
fluorite is a crystal belonging to a cubic system, and has been thought 
in the prior art to cause no birefringence intrinsic to the crystal. 
In the 157 nm Symposium held (at Dana Point of California, USA) by 
International SEMTECH (Semiconductor Manufacturing Technology 
Institute), in May, 2001, it was published by NIST (National Institute 
of Standards and Technology) that the fluorite had the birefringence 
intrinsic to the crystal in the vacuum ultraviolet range. 
[0084] 

In the exposure apparatus using the random polarization 
illumination of the prior art, the birefringence of the lens material 
making the illuminating optical system has little influence on the 
final focusing perf ormance imaging performance. In the prior art, 
therefore, no problem has been raised by the intrinsic birefringence 
of the fluorite lens arranged in the illuminating optical system. 
[0085] 

In case the mask pattern is illuminated with a linear 
polarization as in the invention, the rotation of the polarization 
direction accompanying the intrinsic birefringence of the fluorite 
lens in the illuminating optical system may raise a problem. 
Specifically, the intrinsic birefringence of the fluorite lens may 
act as the 1/2 wavelength platewave-plate or the 1/4 wavelength 
platewave-plate thereby to deviate the polarization direction of the 
illumination light to illuminate the mask pattern face, from a desired 
direction. In accordance with the place in the mask pattern plane, 
moreover, the polarization state of the illumination light may be 
different. Therefore, the following countermeasures are desired in 
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the exposure apparatus using the F 2 laser as the illuminating light 

source and adopting the crystal material such as the fluorite in the 

illuminating optical system. 

[0086] 

The following countermeasures are desired. Specifically, of 
fluorite lenses (of an S number) arranged in the illuminating optical 
system, a predetermined number (A) of fluorite lenses are arranged 
to have their optical axes aligned with the crystalline axis [111], 
and a predetermined number (a) of lenses, and the remaining number 
(A - a) of lenses are arranged to have their optical axes on the rotation 
center and to have their crystalline axes rotated by 60 degrees from 
each other. The remaining number B (= S - A) of lenses are arranged 
to have their optical axes aligned with the crystalline axis [100], 
and a predetermined number (b) lenses, and the remaining number (B 
- b) of lenses are arranged to have their optical axes on the rotation 
center and to have their crystalline axes rotated by 45 degrees from 
each other. 
[0087] 

Fig. 7 exemplifies the case, in which the aforementioned 
countermeasures are applied to the four lenses in the illuminating 
optical system. All four lenses LI, L2, L3 and L4, as arrayed along 
the optical axis LAX of the illuminating optical system, are made of 
fluorite. Of these, the lenses LI and L2 have their optical axes 
(aligned with the optical axis LAX of the illuminating optical system) 
aligned with the [100] axis of the fluorite crystal, and the 
crystalline axes (i.e., the [010] axis and the [001] axis) of the 
fluorite crystal in the in-plane direction of the two lenses (i.e., 
in the plane normal to the optical axis LAX) are rotated by 4 5 degrees, 
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as shown. 
[0088] 

On the other hand, the lenses L3 and L4 have their optical axes 
(aligned with the optical axis LAX of the illuminating optical system) 
aligned with the [111] axis of the fluorite crystal, and the 
crystalline axes (i.e., the [0-11] axis, the [-110] axis and the [-101] 
axis) of the fluorite crystal in the in-plane direction of the two 
lenses (i.e. , in the plane normal to the optical axis LAX) are rotated 
by 60 degrees, as shown. 
[0089] 

By applying those countermeasures to the illuminating optical 
system, the polarization state of the illumination light on the mask 
pattern plane can be made into the desired linear polarization, so 
that the effects of the invention can be sufficiently exhibited. 
[0090] 

In case the fluorite is adopted for the lenses in the projecting 
optical system, the influences for the intrinsic birefringence to give 
the focusing perf ormanceimaging performance of the projecting optical 
system can be solved by optimizing what crystalline axis the optical 
axes of each fluorite lens used is aligned with, or what angle each 
lens is rotated and arranged by on the optical axis, as reported by 
our report SPIE (International Society for Optical Engineering 
Microlithography Symposium) in March, 2002. 
[0091] 

Here, the foregoing mode of embodiment has been described with 

the premise that the projecting optical system contains none of the 

member (e.g., the wavelength platewave-plate or the polarization beam 

splitter) for changing the polarization direction of the illumination 

46 



JP2004-1 791 72Trans I at i on 

light (or the exposure light) . In a kind of cata-diopticcatadioptic 

system, however, there is contained a polarization state changing 
member such as a wavelength platewave-plate or a polarization beam 
splitter. In this case, the exposure view f ieldexposure field of the 
projecting optical system frequently has a slit shape. However, the 
polarization state of the illumination light to irradiate the reticle 
and the polarization state of the illumination light (or the exposure 
light) to irradiate the wafer side may be changed by the aforementioned 
polarization state changing member, and their relations between the 
longitudinal direction and the polarization direction of the exposure 
view f ieldexposure field may not coincide. 
[0092] 

In case the invention is applied to the exposure apparatus having 
such projecting optical system, the polarization state of the 
illumination light to irradiate the reticle is desirably set such that 
the polarization state of the illumination light (or the exposure 
light) to irradiate the wafer plane finally through the projecting 
optical system may be parallel to the longitudinal direction of the 
exposure view f ieldexposure field slit in the wafer plane. Even if 
when the illumination light on the reticle side is set parallel to 
the longitudinal direction of the exposure view f ieldexposure field 
slit on the reticle side, the polarization state of the illumination 
light (or the exposure light) to enter the wafer comes into the 
undesired state so that the effect of the invention cannot be acquired, 
when the polarization state by the projecting optical system is 
changed by the aforementioned polarization state changing member. 
[0093] 

In the foregoing mode of embodiment, the gas (e.g., the air or 
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the gas having little absorption to the ultraviolet ray) exists in 

the space between the projecting optical system and the wafer. 
However, the invention should not be limited to that existence but 
may be modified such that the space between the projecting optical 
system and the wafer is filled with a liquid. This structure is the 
liquid- immersed optical systemliquid immersion optical system, in 
which the wavelength of the illumination light (or the exposure light) 
to irradiate the wafer is reduced by a submultiple of the refractive 
index of that liquid, thereby to realize a higher improvement of the 
resolution of the exposure apparatus. 
[0094] 

In the liquid immersed optical systemliquid immersion optical 
system, the sinusoidal value of the angle made between the 0-th light 
and the 1st light of the illumination light (or the exposure light) 
in the liquid at the time of exposing the pattern of the common pitch 
in the common wavelength is reduced by a submultiple of the refractive 
index of that liquid, as compared with the case of the optical system 
of not the liquid immersed immersion type. In other words, the 
reduction means that even the projecting optical system of a similar 
constitution can enlarge increase its numerical aperture by the 
refractive index of the liquid, and this is a main cause for improving 
the resolution. 
[0095] 

In the photoresist for forming a latent image of the pattern 

actually, however, the refractive index of the photoresist is 

identical even for the liquid-immersed optical systemliquid immersion 

optical system and for the ordinary optical system of not the liquid 

immersed type. Therefore, the sinusoidal value of the angle made 
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between the 0-th light and the 1st light of the illumination light 

(or the exposure light) at the time of exposing the pattern of the 
common pitch in the common wavelength is identical for the two optical 
systems. In the liquid immersed optical systemliquid immersion 
optical system to be exposed to a finer (fine pitch) pattern than that 
of the ordinary optical system, therefore, the deviations in the 
polarization direction between the diffracted lights (or the exposure 
lights) of the individual orders in the resist are so large that the 
image contrast is more lowered, if when the polarization state of the 
illumination light (or the exposure light) to irradiate the resist 
is undesirable. By applying the invention to the liquid immersed 
projecting optical system, therefore, a higher effect can be obtained 
than that of the case, in which the invention is applied to the 
projecting optical system of not the liquid immersed type of the prior 
art . 

[0096] 

Next, in the C-MOS-LSI or the present mainstream of the 
semiconductor integrated circuit, an electronic device is generally 
formed on the surface of a silicon crystal, the <100> plane of which 
extends in the wafer surface. In the C-MOS-LSI, the n-MOS transistor 
and the p-MOS transistor form a transistor pair on the surface of the 
silicon wafer. If the wafer used has the surface of the <100> plane 
of the crystal, as described above, there arises a problem that the 
mobility of the holes (or positive holes) of the p-MOS transistor is 
low. 
[0097] 

In the silicon wafer having its surface extending in the <111> 

plane of the crystal (or the wafer having the [111] crystalline axis 
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normal to the surface) , on the other hand, the mobilities of electrons 

and holes in the axial azimuth [110] in the <111> plane and in the 
equivalent azimuth in the <111> plane are so high that the C-MOS-LSI 
can act at higher speeds. Here, the equivalent azimuth includes the 
azimuth, in which the orders of the individual indexes are 
interchanged, and the azimuth, in which at least one index sign is 
inverted. Of these, the azimuths existing in the aforementioned <111> 
plane are the [-110] axial azimuth, the [10-1] axial azimuth, the 
[-101] axial azimuth, the [01-1] axial azimuth and the [0-11] axial 
azimuth. 
[0098] 

Here, either the [1-10] axis or an equivalent axis has three 
azimuths individually intersecting at an angle of 120 degrees in the 
<111> plane of the crystal. Therefore, if the longitudinal direction 
of the gate pattern is formed in parallel with the direction in the 
<111> plane normal to that azimuth, i.e., the [11-2] crystalline axis 
or the axial equivalent to the former and existing in the <111> plane 
(e.g., the crystalline axis [1-21] and the crystalline axis [2-1-1] 
crystalline axis) , the moving direction of the electrons and holes 
in the MOS transistor containing that gate can be aligned with the 
[1-10] axial azimuth or the [-110] axial azimuth of a higher mobility, 
thereby to acquire a higher speed of the actions of the C-MOS-LSI. 
[0099] 

As a matter of fact, for a reticle of a square contour, the 

drawing precision of the fine pattern not in parallel with the side 

(i.e., the uniformity of the pattern width) is inferior to the parallel 

fine pattern. It is, therefore, preferred that the pattern azimuths 

on the reticle are arranged in the direction of the sides of the square 
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of the reticle contour. If, however, either the [1-10] axis of three 

azimuths individually intersecting at an angle of 120 degrees or one 
equivalent axis is aligned with one of the reticle contour in the 
aforementioned <111> plane of the crystal, the remaining two azimuths 
are undesirable ones for the precision in the formation of the reticle 
pattern. In case, therefore, a higher speed C-MOS-LSI is realized 
by using the wafer having the [111] axis as the crystalline axis normal 
to the surface, it is necessary that the longitudinal directions of 
the substantially usable gate patterns be arranged in one direction 

(i.e., the [-112] axis and any of the equivalent axial directions) . 
This necessity is examined in the following. 

[0100] 

Fig. 8 (A) is a diagram showing the azimuth of the silicon crystal 
in the wafer surface of the silicon wafer, in which the crystalline 
axis normal to the surface is the [111] axis. In short, the wafer 
surface is included in the <111> plane of the silicon crystal. As 
shown, the [111] axis is normal to the sheet face (i.e., normal to 
the wafer surface) . In the wafer plane, the crystalline axes (i.e., 
the [0-11] axis, the [-110] axis and the [-101] axis) , which are 
equivalent to the [110] axis of the azimuth having the high electron 
and hole mobilities , are arranged at an angular interval of 120 degrees . 
In Fig. 8(A), the rotating direction of the wafer is set in such a 
predetermined direction as to align the [-110] axis and the shown 
Y-axis with each other. 
[0101] 

In order to accelerate the action speed of the MOS transistor, 
it is desired that the moving direction of the electrons and holes 
in the transistor is aligned with either the aforementioned [ 110] axis 



JP2004-1 791 72Trans I at i on 

or an equivalent axial direction. It is, therefore, desired that the 

longitudinal direction of the gate pattern is oriented to intersect 
the [110] axis or an equivalent axial direction at a right angle, as 
indicated by gate patterns Gl, G2 and G3 in Fig. 8 (A) . In the case 
of Fig. 8 (A) , therefore, the gate patterns are preferably arranged 
in the three directions having the relatively rotational relations 
of 120 degrees of the gate Gl, in which the [11-2] axial direction 
(aligned with the X-axis of the drawing) perpendicular to the [-110] 
axial direction in the <111> plane is longitudinal, the gate G2, in 
which the [1-21] axial direction perpendicular to the [-101] axial 
direction in the <111> plane is longitudinal, and the gate G3, in which 
the [2-1-1] axial direction perpendicular to the [0-11] axial 
direction in the <111> plane is longitudinal. 
[0102] 

Here in Fig. 8 (A) , a rectangular area EXF, as enclosed by broken 
lines, is the exposure view f ieldexposure field area of the projecting 
optical system of the exposure apparatus of this embodiment, and its 
longer side direction is aligned with the X direction, i.e., the 
longitudinal direction of the gate Gl and the [11-2] axial direction 
of the silicon crystal. 
[0103] 

Fig. 8(B) is a top plan view of the reticle to be used in the 

exposure apparatus of the embodiment. In a pattern area PA, a master 

of a pattern to be transferred is drawn. This drawing precision (or 

the line width precision and the drawing position precision) is so 

set by the precision of the EB (electron beam) drawing machine for 

drawing the pattern that the precision is high, in case the pattern 

is parallel (i.e., in the X direction and in the Y direction) to the 
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outer side of the reticle (or square) , but low in case the pattern 

is inclined. 
[0104] 

In order to form, the highly precise pattern on the wafer, 
therefore, it is preferred that the longitudinal direction of the 
pattern on the reticle is set in the X direction and the Y direction 
parallel to the outer sides of the reticle, as indicated by patterns 
PI and P2 . At present, the patterns of such directions are generally 
used. 
[0105] 

In case the wafer having the surface of the <111> plane is used, 
as shown in Fig. 8 (A) , the preferred gate pattern direction is limited 
to the three directions of every 120 degrees. Therefore, the 
longitudinal directions of the gate patterns, which satisfy both the 
restriction of the drawing precision of the reticle pattern and the 
restriction from the transistor action speed, are restricted to only 
the direction of the gate pattern Gl parallel to the X direction in 
Fig. 8 (A) . 
[0106] 

When the semiconductor device and another electronic device are 
manufactured by using the projecting exposure apparatus according to 
the mode of embodiment thus far described, an electronic device 
capable of acting at a higher speed can be manufactured by arranging 
the pattern directivity, which is given a high resolution by the 
projecting exposure apparatus of the mode of embodiment, and the 
direction of the pattern which is determined from the viewpoints of 
the transistor action speed and the reticle drawing precision. 
[0107] 
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Specifically, the silicon wafer having its surface included in 

the <111> plane of the crystal (that is, having its surface normal 
to the [111] axis) is used. The silicon wafer is so placed on the 
wafer stage (26) of the projecting exposure apparatus that its [-110] 
axis may be aligned with the shorter side direction of the exposure 
view f ieldexposure field of the projecting optical system (that is, 
its [11-2] axis may be aligned with the longer side direction of the 
exposure view f ieldexposure field of the projecting optical system) . 
The silicon wafer is so arranged that the longitudinal direction of 
the fine gate pattern on the reticle is aligned with the longer side 
direction of the exposure view f ieldexposure field of the projecting 
optical system, and is irradiated with the generally linear 
polarization of the polarization direction (or the electric field 
direction) , in which the polarization direction of the focusing 
luminous fluxlight beam leading to the wafer may be substantially 
aligned with the longer side direction of the exposure view 
f ieldexposure field of the projecting optical system. 
[0108] 

As a result, the gate directed suitably for the high-speed 
actions on the silicon crystal can be exposed and transferred more 
precisely with a finer line width thereby to improve the performance 
of the electronic device drastically. 
[0109] 

For the index of the crystalline axis in the foregoing 
description, the azimuth vertically normal to the wafer surface is 
set to the [111] axial direction, on which the indexes of other axes 
are determined. The substance is not changed in the least, even if 
the azimuths of other axes are expressed by using that axis as the 
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axis equivalent to the [111] axis (i.e., the axis having the index 

of the rearranged order and the axis having the index partially- 
inverted) such as the [11-1] axis or the [1-11] axis. Therefore, even 
the [0-11] axis, the [-110] axis and the [-101] axis of the silicon 
wafer surface, as shown in Fig. 8(A), may be other axes, if they are 
equivalent to the [110] axis. Moreover, it is needless to say that 
the axis to be aligned with the longer side direction of the exposure 
view f ieldexposure field of the projecting optical system may be any 
crystalline axis, so long as it is perpendicular to the axis equivalent 
to the [110] axis existing in the plane equivalent to the <111> plane 
that is, equivalent to the [112] axis. 
[0110] 

In the scanning type exposure apparatus of this embodiment, the 
projecting optical system has its exposure view f ieldexposure field- 
substantially aligned in its longer side direction with the 
polarization direction of the illumination light. As a result, the 
exposure apparatus is excellent in resolution and contrast for the 
pattern having the longitudinal direction in the direction parallel 
to the longer side direction of the exposure view f ieldexposure field. 
Therefore, the exposure apparatus is especially suited for forming 
the gate pattern arrayed in one direction, on the silicon wafer, in 
which the crystalline axis normal to the surface is the [111] axis. 
In addition, the crystalline azimuth of the silicon wafer, in which 
the crystalline axis normal to the surface is the [111] axis, is so 
set that the exposure view f ieldexposure field longer side direction 
and one of the [11-2] axis and the axial azimuth in the equivalent 
<111> plane may be parallel. As a result, the preferable condition 
can be satisfied to manufacture the electronic device capable of 
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acting at the high speed. 
[0111] 

Here, the alignment between the longer side direction of the 
exposure view f ieldexposure field and the predetermined crystalline 
axis of the wafer is to form the notch, the orientation flat, the 
identification mark or the like in a predetermined direction of the 
wafer peripheral edge. This alignment can be easily made by a method 
similar to the pre-alignment made by the ordinary exposure apparatus. 
[0112] 

Moreover, the crystalline axis of the wafer need not be made 
such that the direction normal to the surface and the [111] axis are 
completely aligned, but the effects of the invention can be 
sufficiently exhibited if the angular alignment is within bout 5 
degrees . 
[0113] 

When a wafer (as will also called the "[110] wafer", in which 
a crystalline axis normal to the surface is the [110] axis, is used, 
the action speed of the transistor on the wafer can be better improved 
than the case, in which the wafer (as will also be called the "[100] 
wafer) used in the conventional C-MOS-LSI and having the crystalline 
axis [100] axis normal to the surface is used, or in which the wafer 
(as will also be called the "[111] wafer) having the crystalline axis 
[111] axis normal to the surface is used. 
[0114] 

In this case, however, the action speed can be improved only 

in case the moving direction of the electrons or holes in the transistor 

is generally aligned, as shown in Fig. 9(A) , with the axial direction 

equivalent to the [-110] axis of the surface of the wafer, in which 
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the crystalline axis normal to the surface is the [110] axis, (that 

is, the wafer having the surface as the <110> plane of the crystal) . 
[0115] 

Therefore, the longitudinal direction of the transistor gate 
pattern to be formed on the wafer should be limited in the X direction 
in Fig. 9(A), according to a shown pattern G4 . In the crystalline 
axis directions in the wafer shown in Fig. 9(A), the [-110] axis or 
its equivalent axial direction is aligned with the Y direction, as 
shown, and the [00-1] axis or its equivalent axial direction is aligned 
with the X direction, as shown. Moreover, the X direction is aligned 
with the longer side direction of the view field EXF of the projecting 
optical system of the exposure apparatus of this mode of embodiment, 
and with the polarization direction of the main component of the 
polarization (or the linear polarization) of the illumination light 
of the exposure apparatus of the mode of embodiment. 
[0116] 

Thus, with respect to the exposure apparatus of this mode of 

embodiment, the [110] wafer is arranged in the aforementioned 

rotational direction (i.e., the rotational direction, in which the 

[001] axis of the silicon crystal or the equivalent axis is parallel 

to the polarization direction of the main component of the 

polarization (or the linear polarization) of the illumination light) . 

As a result, it is possible to transfer more finely and highly precisely 

the gate pattern of the transistor, in which the moving direction of 

the electrons and holes is equivalent to either the direction [-110] 

of the large electron and hole mobilities on the [110] wafer or the 

equivalent direction (that is, the transistor, in which the 

longitudinal direction of the gate pattern perpendicular to the moving 
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direction of the electrons and holes is parallel to the [001] of the 

silicon crystal or the equivalent axis). 
[0117] 

As a result, it is possible to manufacture the electronic device 
(C-MOS-LSI) of a higher speed than that of the prior art. 
[0118] 

Fig. 9(B) is a top plan view of the reticle to be used in this 
case . The master of a pattern to be transferred is drawn in the pattern 
area PA. In case the wafer having the surface of the <110> plane is 
used, as shown in Fig. 9 (A) , the preferred gate direction is limited 
to one direction so that the longitudinal direction of the pattern 
master is also limited to the direction of the gate pattern G4 parallel 
to the X direction in Fig. 9(A). 
[0119] 

Here, the semiconductor wafer (or the silicon wafer) may also 
be the distorted silicon, which is recently proposed. The distorted 
silicon is the wafer surface portion, in which the C-MOS-LSI is formed, 
and its semiconductor crystalline structure has an intentional 
distortion (or an extension/shrinkage) . 
[0120] 

On the surface of a silicon wafer, for example, a 

silicon-germanium crystal having a larger lattice constant than that 

of a silicon crystal is formed as a thin film, and a silicon crystal 

is formed again as a thin film on the former thin film. In this case, 

the uppermost (or surface) silicon layer is tensed by the influence 

of the lattice constant of the silicon-germanium crystal of the lower 

layer so that its crystal lattice is extended/ shrunken and distorted. 

As a result, the mobilities of the electrons and holes in the uppermost 
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(or surface) silicon layer can be raised to improve the action speed 

of the transistor. 
[0121] 

Generally speaking, that distortion occurs generally 
isotropically in the wafer plane, but can also be limited to one 
predetermined direction by a predetermined process. If the 
aforementioned silicon-germanium film and the upper silicon film are 
formed on the [110] plane of the silicon wafer, for example, the 
distortion direction is also limited substantially to one direction. 
[0122] 

Thus, in the wafer having its surface distortion limited to one 
predetermined direction, the electron or hole mobilities in the 
surface become the maximum in the predetermined one direction or in 
the perpendicular direction. By aligning the transistor forming 
direction with the direction to maximize the electron or hole 
mobilities in that transistor, therefore, the action speed of the 
transistor can be drastically improved. 
[0123] 

In this case, it is desired that the longitudinal direction of 
the gate pattern of the transistor is perpendicular to the direction, 
in which the electron or hole mobilities take the maximum, and that 
the longitudinal directions of the gate patterns of all the 
transistors on the silicon wafer are arranged into one direction. 
[0124] 

In the exposure apparatus of this mode of embodiment, the wafer ■ 
is exposed to the illumination light containing much linear 
polarization parallel to the longer side direction of the rectangular 
exposure view f ieldexposure field of the projecting optical system. 
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At the time of exposing the aforementioned anisotropic distorted 

silicon wafer, therefore, the gate pattern of the transistor is set 
parallel to the longer side direction (or the second direction) of 
the exposure view f ieldexposure field of the projecting optical system, 
so that the highly precise and fine gate pattern having a better line 
width controllability than that of the exposure apparatus and the 
exposure method of the prior art can be transferred. Specifically, 
that direction of the aforementioned anisotropically distorted 
silicon wafer, in which the mobility of at least either the electrons 
or the holes takes the maximum, and the polarization direction (or 
the direction of the electric field) of the illumination light of the 
generally linear polarization fed by the exposure apparatus, are made 
perpendicular to each other for the exposure. As a result, the line 
width of the gate pattern in the electronic device to be manufactured 
and the uniformity of the line width can be improved better than the 
prior art so that an electronic device of a higher speed than that 
of the prior art can be manufactured additionally by adopting the 
distorted silicon wafer. 
[0125] 

The foregoing mode of embodiment has been described assuming 
the C-MOS-LSI as the electronic device. However, the invention should 
not be limited to that C-MOS-LSI but can be naturally adapted for the 
manufacture of the n-MOS , the p-MOS or another device. 
[0126] 

On the other hand, the exposure apparatus should not be limited 

to the application for manufacturing the semiconductor device but can 

be widely applied to a liquid crystal exposure apparatus for exposing 

and transferring the liquid crystal display element pattern to a 
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rectangular glass plate, or an exposure apparatus for manufacturing 

a thin film magnetic head. Another application is made to an exposure 
apparatus for manufacturing a micro machine, a DNA chip or a mask. 
[0127] 

The exposure apparatus of this mode of embodiment can be 
manufactured: by assembling an illuminating optical system and a 
projecting optical system composed of plural lenses and so on, into 
the exposure apparatus body, and assembling them optically; by 
mounting a reticle stage and a wafer stage composed of numerous 
mechanical parts, on the exposure apparatus body, and wiring and 
piping them; and by performing the overall adjustments (e.g., the 
electric adjustments and the action confirmations) . Here, it is 
desired that the exposure apparatus is manufactured in a clean room 
having the temperature and the cleanness controlled. 
[0128] 

The semiconductor device is manufactured through: the step of 
performing the function-performance designs of the device generally; 
the step of creating a reticle based on the designing step; the step 
of creating a wafer from a silicon material; the step of exposing and 
transferring the pattern of the reticle to the wafer having a resist 
applied thereto, by an exposure apparatus, and developing the pattern; 
the device assembling step (including the dicing step, the bonding 
step and the packaging step) ; and the testing step. 
[0129] 

Here, it is needless to say that the invention should not be 
limited to the mode of embodiment thus far described but could be 
modified in various manners within the scope of the invention. 
[0130] 
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[Advantage of the Invention] 

According to the invention, as has been described hereinbefore, 
a substrate is exposed to an illumination light (or exposure light) 
incident on the substrate, while being irradiated with the 
illumination light which is mainly composed of a linear polarization 
in the polarization direction parallel to the direction perpendicular 
to the moving direction of the mask and the substrate. As a result, 
the contrast of the projected image on the line pattern extending in 
the direction along the direction perpendicular to that moving 
direction can be raised to transfer the fine pattern highly precisely. 
[0131] 

If When the pattern to be exposed and transferred may be as fine 
as that of the prior art, the allowance of the residual aberration 
in the radiation direction of the projecting optical system can be 
loosened more than that of the projecting optical system of the prior 
art. By relaxing the magnification aberration allowance, the cost 
for the projecting optical system can be lowered to provide a less 
expensive projecting exposure apparatus according to the invention. 
[0132] 

Moreover, the spectrum width of the light source can also be 

relaxed while leaving the chromatic aberration correction of the 

projecting optical system. In the case of the band-narrowed laser, 

the relaxation of the spectrum width means the simplification of the 

band-narrowed laser element thereby to raise the laser output, 

elongate the lifetime of the band-narrowed element and improve the 

throughput of the exposure apparatus. As a result, it is possible 

to reduce the running cost of the band-narrowed element and 

accordingly the running cost of the exposure apparatus. 
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[0133] 

Moreover, the exposure is performed by using the illumination 
light which is mainly composed of the linear polarization of the 
polarization direction parallel to the direction normal to the moving 
direction of the mask and the substrate, and the direction of the 
pattern such as the gate pattern to be exposed and transferred onto 
the substrate is optimized in relation to the crystalline axis of the 
substrate, so that the device manufactured can act at the high speed. 
[Brief Description of the Drawings] 

[Fig. 1] A diagram showing a schematic constitution of an exposure 
apparatus according to a mode of embodiment of the invention. 
[Fig. 2] A top plan view showing a reticle of a mode of embodiment 
of the invention. 

[Fig. 3] Diagrams showing the relations between the pattern 
direction and the polarization direction of the mode of embodiment 
of the invention, and showing the case, in which the pattern direction 
and the polarization direction are parallel to each other. 
[Fig. 4] Diagrams showing the relations between the pattern 
direction and the polarization direction of the mode of embodiment 
of the invention, and showing the case, in which the pattern direction 
and the polarization direction are perpendicular to each other. 
[Fig. 5] A diagram showing an exposure field of viewexposure field 
of the mode of embodiment of the invention. 

[Fig. 6] A diagram showing one example of the constitution of a 
polarization control element of the mode of embodiment of the 
invention . 

[Fig. 7] A diagram showing a preferred lens arrangement of the case, 

in which fluorite lenses are used in an illuminating optical system 
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of the mode of embodiment of the invention. 

[Fig. 8] Diagrams showing the relations between a wafer crystal 
axis and a pattern forming direction of a mode of embodiment of the 
invention, (A) a top plan view of a wafer, and (B) a top plan view 
of a reticle. 

[Fig. 9] Diagrams showing the relations between a wafer crystal 
axis and a pattern forming direction of a mode of embodiment of the 
invention, (A) a top plan view of a wafer, and (B) a top plan view 
of a reticle. 

[Description of Reference Numerals and Signs] 
1 - - - Light Source 

5 - - - Polarization Control Element 

(Adjusting Device) 
14 - - - Field Stop (Shaping Device) 

18 - - - Reticle (Mask) 

19 - - - Reticle Stage (Stage Device) 

24 - - - Projecting Optical System 

25 - - - Wafer (Sensitive Substrate) 

26 - - - Wafer Stage (Stage Device) 

31 - - - Exposure Field of ViewExposure field 

32 to 34 - - - Major Pattern 

Io to I 4 - - - Illumination Light 
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